The peritoneum consists of a layer of mesothelial cells on a connective tissue base which is perfused with circulatory and lymphatic vessels. Total effective blood flow to the human peritoneum is estimated between 60 and 100 mL/min, representing 1-2 % of the cardiac outflow. The parietal peritoneum accounts for about 30 % of the peritoneal surface (anterior abdominal wall 4 %) and is vascularized from the circumflex, iliac, lumbar, intercostal, and epigastric arteries, giving rise to a quadrangular network of large, parallel blood vessels and their perpendicular offshoots. Parietal vessels drain into the inferior vena cava. The visceral peritoneum accounts for 70 % of the peritoneal surface and derives its blood supply from the three major arteries that supply the splanchnic organs, celiac and superior and inferior mesenteric. These vessels give rise to smaller arteries that anastomose extensively. The visceral peritoneum drains into the portal vein. Drugs absorbed are subject to firstpass hepatic metabolism. Peritoneal inflammation and cancer invasion induce neoangiogenesis, leading to the development of an important microvascular network. Anatomy of neovessels is abnormal and characterized by large size, varying diameter, convolution and blood extravasation. Neovessels have a defective ultrastructure: formation of large "mother vessels" requires degradation of venular and capillary basement membranes. Mother vessels give birth to numerous "daughter vessels". Diffuse neoangiogenesis can be observed before appearance of macroscopic peritoneal metastasis. Multiplication of the peritoneal capillary surface by neoangiogenesis surface increases the part of cardiac outflow directed to the peritoneum.
Introduction
Peritoneal diseases (such as peritonitis or peritoneal metastasis) are common and often result in life-threatening conditions [1] . However, investigations on pathophysiology of these diseases are relatively rare, at least when the numbers are compared to diseases affecting other organs. The peritoneal circulation has not been a field investigated by too many researchers. Many articles have been published decades ago and it is extraordinarily difficult for the circulatory scholar interested in the peritoneum -both in health and disease -to get an overview on this research topic. The aim of the present review is to prevent this neglected area from remaining neglected. The focus of this review is on functional aspects of the vascular anatomy of the peritoneum in health and disease -more than some basic aspects of this anatomy. Examples are taken from clinical practice to highlight the relevance of peritoneal vascularization in natural history of disease, and for designing effective therapeutic strategies.
Surface of the peritoneum
The abdominal cavity is the largest serous cavity of the human body. The total surface area of the peritoneum in adults approximates the surface area of skin (1.5-2 m 2 ) [2] . However, the exposed part is only a fraction of the total surface of the peritoneum and can be further reduced as a result of adhesions or prior abdominal surgery [3, 4] . The visceral peritoneum represents about 70 % of the total peritoneal surface [5, 6] . The anterior abdominal wall of humans comprises less than 4 % of the peritoneal surface [7] .
Vascular anatomy of the peritoneum
The peritoneum consists of a layer of mesothelial cells on a connective tissue base which is perfused with circulatory and lymphatic vessels. Numerous blood capillaries and few arterioles and venules are observed in the submesothelial layer [8] . Total blood flow to the peritoneum cannot be directly measured due to the diffuse nature of its tissue and its vasculature. However, estimates of effective peritoneal perfusion have been obtained using gas clearance techniques. In the rabbit, peritoneal blood flow was estimated to range between 2.5 and 6.2 mL/min per kg body weight [9] . Figure 1 shows the distribution of the splanchnic blood flow to different abdominal organs and to the peritoneum in the cat. The parietal peritoneum is perfused by the vessels of the abdominal wall (anterior abdominal wall and flanks) and directly from the abdominal aorta (posterior aspect of the peritoneum). Specifically, arterial blood supply to the parietal peritoneum and underlying musculature arises from the circumflex, iliac, lumbar, intercostal, and epigastric arteries. In the cat, parietal peritoneum blood flow is 6.2 ± 1.2 mL/min per 100 g tissue, representing 2 % of the splanchnic blood flow or 0.5 % of the cardiac output [10] . The parietal peritoneum drains into the inferior vena cava.
The visceral peritoneum derives its blood supply from the three major arteries that supply the splanchnic organs, celiac and superior and inferior mesenteric.
These vessels give rise to smaller arteries that anastomose extensively. In the cat, the blood flow to the visceral peritoneum was estimated to 9.7 ± 1.9 mL/min per 100 g tissue, representing about 3 % of the splanchnic blood flow [10] . The visceral peritoneum drains through the inferior mesenteric vein, the superior mesenteric vein and the splenic vein into the portal vein. The portal blood flow to the liver is 1,050 mL/min, or 21 % of the cardiac minute volume [11] . An importance consequence of the peritoneal outflow into the portal-venous system is that drugs and other solutes that are absorbed through the visceral peritoneum are subject to first-pass hepatic metabolism.
The greater omentum is a fatty structure covered by a double-layer fold of peritoneum which extends from the greater curvature of the stomach to attach to the transverse colon, with a surface area of about 400 cm 2 .
This organ is richly vascularized by the right and left gastro-omental arteries. In the rat, omental blood flow was estimated at 6.3 ± 0.7 mL/min per 100 g tissue, representing 2 % of the splanchnic blood flow [10] . The right pedicle is dominant with an artery and a vein of 2 mm diameter. Due to its specific properties of revascularization, the greater omentum is broadly used in reconstructive and plastic surgery for covering defects [12] . Peritoneal blood flow estimates obtained indirectly in peritoneal dialysis patients were than experimental values measured directly in animals [13] . Specifically, measurements in the human being were extrapolated from carbon dioxide diffusion into the peritoneal space and revealed values ranging between 1-2 mL/min peritoneal blood flow per kg body weight [14] . It has been estimated that approximately 25 % of cardiac output is directed to the splanchnic vascular bed in normal, resting individuals [15] . Thus, the total abdominal splanchnic blood flow can b estimated at 1,200 mL/min at rest, if the parietal peritoneum is not included in the calculation [16] . Altogether, the total effective blood flow to the human peritoneum lies probably between 60 and 100 mL/min [9] , representing 1-2 % of the cardiac minute volume.
Functional anatomy of the peritoneal microvasculature
Tissue metabolism required adequate supply with nutrients and oxygen, as well as removal of the degradation products of this metabolism. In mammalians, these supply and clearance functions are provided by a Splanchnic flow represents about 25 % of the cardiac output. Blue slices represent blood flow to various splanchnic organs. Red slices represent blood flow to the peritoneum. Parietal peritoneum blood flow (6.2 ± 1.2 mL/min per 100 g tissue = 2 %), visceral peritoneum (9.7 ± 1.9 mL/min per 100 g tissue = 3 %), and omentum (6.3 ± 0.7 mL/min per 100 g tissue = 2 %), represent together 7 % of the splanchnic flow (10) or between 1 and 2 % of the cardiac output. microcirculatory network consisting anatomically of arterioles, terminal arterioles, precapillary sphincters, arteriovenous anastomoses, capillaries, postcapillary venules, and venules [17] . Preferential distribution of blood to tissue areas is determined by the small arterioles, which diameter is depending on the local conditions in this specific area. A tissue area can also be bypassed through arteriovenous anastomoses, the blood being then diverted directly from the arterioles into venules. Blood flow through a capillary network is highly variable, can be completely stopped or even sometimes reversing direction [18, 19] .
Peritoneal microcirculation has an additional function: beside transport of nutrients from and to the cells, peritoneal microvessels regulate physiological interactions between the systemic compartment and the peritoneal cavity. Specific features of this intricate vascular network have been determined by examining the microarchitecture of the peritoneal vessels in animal models ( Figure 2 ). The density distribution of submesothelial microvessels along the different portions of the peritoneum is variable. In the rabbit the mesentery appears to be the most vascularized peritoneal area with 71 % of the total number of observed capillaries. The proportion of diaphragmatic and parietal microvessels to the total examined were 18 % and 11 %, respectively [20] . On the mesenteric surface of the peritoneum, abundant arterial and venular arcades were documented. These arcades may function to equalize flow during periods of bowel compression. For the parietal peritoneum, microvasculature was examined experimentally in the cremaster muscle, since the parietal peritoneum extends into the underlying tunica vaginalis testis and since this muscle originates from the abdominal wall musculature. Specific features of the cremaster microcirculation included the absence of short artery to vein anastomoses and the formation of arteriolar and venular arcades from which capillaries may arise [21] [22] [23] .
Arterioles
The arterioles are the major site of microvascular resistance and regulate flow to capillary beds, allowing specific blood distribution to serve that organ's needs. Each nutrient artery entering the subperitoneal space branches several times before the arteries become small enough to be called arterioles, which generally have internal diameters of only 10-15 µm. Then the arterioles themselves branch two to five times, reaching even smaller diameters of 5-9 µm at their ends where they supply blood to the capillaries. Arterioles are lined by endothelial cells resting on a basal lamina surrounded by a layer of smooth muscle cells. This highly muscular structure of the arteriolar wall allows their diameters to change manyfold. The distal, ring-shaped smooth muscle layer of an arteriole forms a precapillary sphincter and regulates flow to single capillaries, including complete interruption of the blood flow so that the capillary bed is then bypassed. The most important factor found thus far to affect the degree of opening and closing of the metarterioles and precapillary sphincters is the concentration of oxygen in the tissues [24] . Due to the close proximity of the precapillary sphincters to the target tissue, local conditions (such as the concentrations of nutrients, metabolites, chemotherapeutic agents, pH etc.) can cause direct effects on the vessels in controlling local blood flow in each small tissue area [24] .
Capillaries
In the peritoneal microvascular peritoneal network as well as in the pleura, solute and fluid exchange occurs mainly in the capillaries [25] . The internal diameter of the capillaries is so small (4-9 µm) that erythrocytes have to squeeze to pass the vessel. Anatomically, the capillary wall consists of an endothelium and a basal lamina. These walls are built of single-layer endothelial cells, are very thin (0.5 µm) and highly permeable. Since the capillary walls have no intrinsic musculature, they cannot regulate blood flow. The pressure in the systemic capillaries is drops from 35 mmHg in the proximal segment (close to the arterioles) to 10 mmHg in the distal segment (close to the venules). The average hydrostatic pressure in most capillary networks is around 17 mmHg. This pressure keeps the plasma clearance through the pores in the capillary walls at a low level, even though nutrients can diffuse easily [26] .
Postcapillary venules
Postcapillary venules are small vessels located just distal to the capillaries. The diameter of the venules is larger (10-40 µm) than that of arterioles. The wall of the postcapillary venules consists of endothelial cells supported by a basal lamina surrounded by a layer flat cells (pericytes). In addition, larger venules have a muscular component in their media [27] . Although the venules have a much weaker muscular apparel than the arterioles, these muscles can induce considerable vasoconstriction, since the functional pressure in the venules is much lower than that in the arterioles, so. Permeability of postcapillary venules exhibits significant variability, in particular as a reaction to inflammation. Permeability of postcapillary venules is also influenced by vasoactive agents such as drugs and cytokines. Examples are vascular endothelial growth factor (VEGF), histamine, bradykinin, plateletactivating factor and distinct plasma proteins of the complement system [28] [29] [30] [31] [32] [33] [34] [35] .
Ultrastructure of peritoneal vessels
In contrast to the fenestrated endothelium in the intestinal villi, or to the discontinuous endothelium in the liver sinusoid, endothelium is continuous in the peritoneal vessels [36] . The incidence of fenestrated capillaries in human parietal peritoneum appears to be low (1.7 % of the total number of capillaries) [37] . These differences in the ultrastructure determine how quickly and easy water and solutes can interchange between the tissues and the circulating blood [21] , respectively between the peritoneal cavity and the interstitial tissue. Some endothelial cells have a prominent cytofilamentous system. Interdigitations with rare specialized contacts occur between the adjacent endothelial cells. Their basal lamina is not well defined. There are two very small passageways connecting the interior of the capillary with the exterior.
Intracellular clefts
Intracellular clefts are thin channels located between adjacent endothelial cells. Endothelial cells hold together with numerous short ridges of protein attachments traversing the clefs. Fluids can percolate freely around these bridges through the channel. These intercellular clefts have a uniform spacing with a width of 6-7 nm, slightly smaller than the diameter of an albumin molecule. Intracellular clefts represent no more than 1/1,000 of the total surface of the capillary walls but this is enough to ensure a rapid passage of water molecules and most water-soluble ions and small molecules [24] .
Plasmalemmal vesicles
Plasmalemmal vesicles are present within endothelial cells and can move slowly through these cells. They form at the surface of the cell by imbibing small volumes of plasma of extracellular fluid. Experimental data show that plasmalemmal vesicle do not play a significant quantative role in transendothelial transport [24] Some capillaries of the omentum have an endothelium with a significant number of vesicles, corresponding to the rich vesicular system in the overlying mesothelium [8] .
Regulation of the splanchnic circulation
Adequate microvascular perfusion has indeed vital significance for an organism. As most organs and tissues, the peritoneum is able to control its blood flow depending on its own needs. This autoregulation of the splanchnic blood flow is steered by a series of extrinsic and intrinsic factors. Extrinsic factors include general for example systemic blood pressure, heart rate, vascular filling load, autonomic nervous tonus, hormones, circulating neurohumoral agents such as renin and angiotensin. Intrinsic mechanisms include muscular tonus of the vascular walls, pH, degradation products (metabolites), intrinsic nerves and paracrine factors such as Vascular Endothelial Growth Factor (VEGF). A selection of such factors is provided in Table 1 . Several overlapping regulatory mechanisms are maintaining splanchnic microcirculation within the physiological range and are preventing radical deviations in tissue perfusion outside this physiological regulation range (reviewed in [38] ). Already 50 years ago, it was demonstrated that myogenic autoregulation allows the intestinal smooth musculature and the bowel mucosa to be properly supplied with oxygen and nutrient during digestion [39] . In the colon, these autoregulation mechanisms include control of arteriolar blood flow, whereas pressure changes in the postcapillary venules initiate a direct response on the tone of smooth muscles located in precapillary sphincters by chemical interference with intestinal metabolism [40] .
Physical factors
Physical factors such as temperature and pressure have a direct influence on peritoneal circulation. These factors are already used for enhancing the effect of intraperitoneal chemotherapy during Hyperthermic IntraPeritoneal Chemotherapy (HIPEC) [41] and during Pressurized IntraPeritoneal Aerosol Chemotherapy (PIPAC) [42, 43] .
Influence of hyperthermia
Intraperitoneal application of hyperthermia induces a vasodilation of the peritoneal microvasculature. Arteriovenous anastomoses connect arterioles directly to the venous plexus and have a rich supply of sympathetic vasoconstrictive fibers and. In response to an increase in body temperature, the withdrawal of sympathetic tone leads to passive dilation of arterioles and arteriovenous anastomoses and enables heat loss by increasing blood flow to the venous plexus [44] .
Influence of pressure [45] . In the human patient during CO 2 laparoscopy, intra-abdominal pressure elevation from 10 mmHg to 15 mmHg significantly decreased the blood flow in the stomach by 40 % to 54 %, the jejunum by 32 %, the colon by 44 %, the liver by 39 %, the parietal peritoneum by 60 %, and the duodenum by 11 %. Splanchnic blood flow decreased with operative time at a constant intra-arterial pressure [46] . In an experimental nephrectomy model, application of an intraperitoneal pressure during laparoscopy reduced portal flow during laparoscopy by 44 % (547 mL/min vs. 974) as compared to open surgery.
Influence of chemical factors
In the animal model, intraperitoneal application of an isotonic lactate solution at a pH of approximately 8 produced no significant vasoactivity in any microvessel. However, increasing the [H + ] of the isotonic lactate solution to match the pH of the conventional peritoneal dialysis solution (pH~5.5) resulted in a significant instantaneous but transient dilation of the arterioles [47] .
Influence of physiological factors
Studies on intestinal absorption in relation to blood flow are rare. Since digestion and absorption are related to increased bowel metabolism, vasodilatation of the splanchnic vasculature is expected follow food ingestion. After implantation of blood flow transducers on the proximal mesenteric artery and hepatic artery in dogs, mesenteric blood flow increased with the quantity of food ingested, and was inversely proportional to the proportion of fat in the food ingested. By contrast, hepatic blood flow was not influenced by these dietary factors. Mesenteric venous outflow was increased by intraluminal of hypertonic glucose solutions, but not by 5 % glucose solutions. This functional hyperemia is mediated by certain gastrointestinal hormones such as gastrin and cholecystokinin. Adenosine is a potent vasodilatator of the mesenteric vascular bed and might be the principal regulator of this autoregulation [48] .
Filling volume plays also a major role in splanchnic perfusion. In the dog, hemorrhage reduced peritoneal transport of urea and potassium [49] . Volume therapy is more effective than restoration of blood pressure to obtain adequate mesenteric circulation. However, after hemorrhagic shock in the human patient, a persistent and progressive splanchnic vasoconstriction and hypoperfusion remains despite hemodynamic restoration with intravenous fluid therapy. Adjunctive direct peritoneal resuscitation with a clinical peritoneal dialysis solution instilled into the peritoneal cavity was shown to restore splanchnic tissue perfusion, down-regulate the gut-derived exaggerated systemic inflammatory response, promote early fluid mobilization, and improve overall outcome [50] .
Influence of neural factors
There was a depression of the spontaneous vasomotricity following ganglionic blocade with pentolinium or preganglionic sympathetic blocade effected by spinal anesthesia [51] . Thus, there is a neural control of the peritoneal vascular plexus by sympathetic innervation. Increased sympathetic activity constricts the mesenteric arterioles and capacitance vessels. These responses are mediated by α-adrenergic receptors, which are predominant in the mesenteric circulation; however, β-adrenergic receptors are also present [52] .
Influence of drugs and solutions
Numerous enogeneous and exogeneous vasoactive agents have been shown to modify blood flow in the peritoneal microcirculation. A wide variety of drugs, hormones, neurotransmitters and mediators of inflammation alter mesenteric resistance (reviewed in [53] ).
Influence of dialysis and non-physiological solutions
Most commercially available peritoneal dialysis solutions are non-physiologic because of their hypertonicity, high glucose and lactate concentrations, acidic pH, and presence of glucose degradation products [54] . The vasoactive effect of these solutions have been examined in preclinical experiments, in particular in the rodent. These experiments have demonstrated peritoneal dialysis solutions dilate microvessels of visceral peritoneum by endothelium-dependent mechanisms, primarily the nitric oxide (NO) pathway. Specifically, vasodilation in the peritoneal pre-capillary arterioles is induced by adenosine receptor-activated NO release and K(ATP) channel-mediated endothelium hyperpolarization [55] . Most peritoneal dialysis solutions are glucose-based and their hyperosmolality also caused vasodilatation both in the parietal and visceral peritoneum by endothelium-dependent mechanisms [56] . In the animal model, peritoneal dialysis solutions caused a dramatic increase in blood flow to the mesentery, omentum, parietal peritoneum and serosal layer of the intestines but blood flows to the liver, stomach, duodenum, jejunum, ileum, pancreas and spleen were not significantly altered. A hypothesis to explain the selective vasodilation of in the peritoneum is a shorter distance from the peritoneal cavity to microvessels so that diffusion of the vasoactive substances is facilitated [57] . VEGF, an autocrine and paracrine factor, was found in high quantity in peritoneal effluents of peritoneal dialysis patients. Human peritoneal mesothelial cells probably contribute to the intraperitoneal production of VEGF, which in turns induces vasodilation, increases permeability of capillaries and stimulates neoangiogenesis in the subperitoneal space [58] .
Vasoconstrictive agents
Following surgical adrenalectomy in rats, local application of cathecholamines induced vasoconstriction of the directly visualized mesocecal vessels [59] . Using the same preclinical model, adrenergic exclusion induced a persistent vasoconstriction of the mesenteric vascularization and a hyper responsiveness to topically applied epinephrine. The vasocontrictor response that occurs with appropriate stimuli can be prevented by blocking the α-adrenergic receptors of the mesenteric vascular bed with phenoxybenzamine. These vessels also contain dopaminergic receptors [48] .
Catecholamines
Large intraperitoneal dose of dopamine in dogs lowered increment in dialysate urea, suggesting a vasoconstriction since blood pressure increased [60] . α-adrenergic blockers were added to the dialysis fluid to offset vasoconstriction caused by the dialysis solution: with intraperitoneal phentolamine and intravenous dopamine, peritoneal clearance increased in dogs [61] . Peritoneal clearance also increased in rabbits after intraperitoneal administration of dopamine [62] . The augmented transport is attributed to dopaminereceptor mediated mesenteric vasodilatation and, in part, by general α-adrenergic vasoconstriction increasing blood pressure, while mesenteric blood flow is maintained (reviewed in [48] ).
Vasopressin and angiotensin
Vasopressin and angiotensin are potent vasoconstrictor agents acting on the mesenterial circulation [63] . In narcotized dogs, intraperitoneal administration of vasopressin decreased peritoneal clearance of small solutes, consistent with a hormonally-mediated reduction of the splanchnic blood flow [64, 65] . In the rat, angiotensin II decreased the transcapillary ultrafiltration rate by a factor 3. Lymphatic absorption was increased in a dosedependent relationship [66] . In the animal model, blockade of the renin-angiotensin system induced a dilation of the peritoneal vessels after a period of time of 3 days [67] .
Vasodilating agents
Much attention has been devoted to studying the possibilities of increasing blood flow and therefore peritoneal clearance in chronic renal failure patients by systemic or intraperitoneal administration of vasoactive drugs. A similar approach was followed for the management of non-occlusive intestinal ischemia can be managed by early treatment with continuous intravenous high-dose prostaglandin E1 [68] .
Chemotherapeutic drugs
Literature on the effect of intraperitoneal chemotherapy on the mesothelium is scarce. Our own experience shows that exposition of the peritoneum to cisplatin and doxorubicin during induces a major systemic inflammatory response that must be caused by the chemical peritonitis, since no other actions are taken [69] . There are other isolated reports on intraabdominal inflammatory reaction following intraperitoneal chemotherapy [70] . Since hyperemia is a landmark of inflammation, it can be reasonably assumed exposition of the peritoneal surface to intraperitoneal chemotherapy causes vasodilatation. In turn, combination of fragile neovessels with drug-induced chemical injury might indeed increase the risk of hemorrhage. There are clinical arguments supporting this hypothesis. For example, intraperitoneal administration of oxaliplatin has been associated with an unacceptable risk of post-exposition hemorrhage, in particular in ovarian cancer. A clinical trial assessing cytoreductive surgery and Hyperthermic IntraPeritoneal Chemotherapy (HIPEC) had to be closed prematurely as there had been an unacceptable rate of re-surgery for peritoneal hemorrhage [71] . Similar observations have been reported by other authors [72] [73] [74] .
Neoangiogenesis
In order to grow larger than a few millimeters, peritoneal metastasis must acquire additional nutrient supply through a blood vessel network. When tumors arise in or metastasize to the peritoneum, their growth depends on the invasion of host tissue, allowing the cancer cells close contact with the surface of blood vessels. Therefore, peritoneal metastasis initially associates with and grows preferentially along pre-existing mesenteric vessels (Figure 3) , typically at the edge between the small bowel mesenterium and the bowel serosa. Endogenous factors that modulate endothelial cell growth are summarized in Table 2 .
VEGF, a key mediator of angiogenesis, has been implicated in the peritoneal dissemination of several cancers (in particular ovarian cancer) and the subsequent development of malignant ascites. Richly vascularized tumor are highly dependent on VEGF-mediated neoangiogenesis. In primary ovarian tumors, VEGF-receptor expression was detected with an overall frequency of 44 % and was mostly located in the vascular wall and across the stroma [75] .
Peritoneal tumors express large amounts of VGEF that typically spill into plasma and ascites fluid in the highpicogram to low-nanogram per ml range. This explains why diffuse angiogenesis is already observed at an early stage of peritoneal dissemination, when only isolated peritoneal nodes are observed. VEGF initiates a sequence of events including: -increased vascular permeability; -extravasation of plasma, fibrinogen and other plasma proteins; -activation of the clotting system outside the vascular system; -deposition of an extravascular fibrin gel that serves as a provisional stroma and a favorable matrix for cell migration; -induction of angiogenesis and arterio-venogenesis; -subsequent degradation of fibrin and its replacement by "granulation tissue" (highly vascular connective tissue); and, finally, -vascular resorption and collagen synthesis, resulting in the formation of dense fibrous connective tissue (called "desmoplasia" in cancer).
In peritoneal metastasis, VEGF plays an essential role in generating peritoneal hypersecretion. VEGF secretion by the tumor cells favored the accumulation of fluid in the peritoneal cavity in the animal model and was able to cause a reversible increase of the microvascular permeability without degranulation of mast cells, endothelial cells or further associated lesions [76] . Thus, production of VEGF alone was sufficient to increase capillary protein permeability. In humans, VEGF level was higher in malignant ascites than in cirrhotic ascites and thus confirm the preclinical observations [77] . Other studies have established the proangiogenic role of VEGF and specifically its central role in growth and cell migration of endothelial cells, increased permeability of the endothelial barrier to plasma proteins and alteration of the extracellular matrix. Neovascularization not only increases capillary permeability but also increases the surface of the capillary filter, thus facilitating protein extravasation and modifying oncotic pressure. Thus, VEGF acts on the majority of the factors intervening in the Starling's equation, resulting in an increase of the fluid outflow and accumulation thereof within the peritoneal cavity [78] .
The leaky tumoral neovessels differ from normal blood vessels (Table 3 and Figure 4 ) During neoangiogenesis, preexisting normal venules and capillaries evolve within few days into highly abnormal, enlarged "mother" vessels (reviewed in [79] ). Formation of mother vessels require degradation of basal lamina. These membranes are rigid, noncompliant (nonelastic) structures composed of type IV collagen, laminin and proteoglycans, that limit expansion of normal venules and capillaries to about 30 % [80] . Thus, basal lamina must be degraded to allow mother vessels to reach a diameter 4-5 times larger than normal microvessels. In fact, VEGF and metalloproteinases (MMPs) interact in peritoneal metastasis: MMPs, mainly MMP-9 and MMP-2, contribute to the release of biologically active VEGF and consequently to the formation of ascites. Conversely, VEGF inhibition reduces MMP-9 expression while halting ascitic liquid formation [81] . Continuous exposure of the peritoneal serosa to glucose-based dialysis solutions could cause diabetes-like microangiopathy. Longitudinal transport studies in peritoneal dialysis patients suggested the development of a large peritoneal vascular surface area. Neoangiogenesis and thickening of the vascular wall by type IV collagen are remarkably similar with glucose-induced microangiopathy. In the presence of peritoneal sclerosis, the number of vessels per field was higher than in controls, and vascular wall thickening of arterioles and vasodilation of capillaries were found in peritoneal sclerosis compared to all control groups [82] . A similar sequence of events also takes place in a variety of important inflammatory diseases that involve cellular immunity [79] .
Enhanced permeability and retention (EPR)
Tumor blood vessels have a great morphological variability as compared to normal blood vessels. Solid tumors, in particular at the metastatic stage, present characteristic features such as unique vascular architecture, excessive production of vascular mediators and extravasation of macromolecules from blood vessels into the tumor tissue interstitium. Together, these features are called enhanced permeability and retention (EPR) [83] . Anatomy of tumor blood vessels is characterized by oversized gaps between endothelial cells creating a discontinuity in the vascular wall, in particular at the capillary level. Tumor vessels can be contracted, stretched, or constricted. Many solid tumors manifest vascular embolism or vascular clogging, causing localized tumor infarctions and inhomogeneity in blood supply (reviewed in [84] ).
Usefulness of narrow-band imaging (NBI) for diagnosis of peritoneal metastasis was assessed during laparoscopy. Intranodular vessels were evaluated for the presence of vessel dilatation, vessel tortuousness, vessel heterogeneity and microhemorrhages. NBI was more sensitive for diagnosing peritoneal metastasis than white light imaging [85] .
Intravital microscopy (IVM) is also increasingly used for assessing changes in vascular structure and neovascularization at drug target sites such as peritoneal metastasis. IVM also allows determination of a response to therapeutic intervention, for example by measuring response to angiogenesis inhibitors such as α-VEGFR antibodies [86] . In peritoneal research, due to the superficial localization of microvessels, high-definition IVM may eventually allow for greater mechanistic understanding of transport processes, particularly extravasation and the role of movement through intercellular gaps, transendothelial cell pores, and transcytosis (reviewed in [87] ).
Conclusions
It is commonly claimed that systemic chemotherapy cannot be effective to treat peritoneal disease because of poor vascularization of the peritoneum [88] . Experimental and clinical measurements have confirmed that only a minimal fraction of the cardiac output reaches the peritoneum. This appears indeed a major limitation for systemic delivery of cytotoxic drugs in the presence of isolated peritoneal disease, assuming that the vast majority of the dose will not reach the target organ but cause organ toxicity, e. g. renal or liver injury.
However, it is not correct to pretend that the peritoneum is poorly vascularized. In fact, blood supply of the peritoneum and of the submesothelial layer is comparable with the supply of other organs when the minute volume is normalized to the tissue weight. Moreover, the values obtained reflect resting conditions in the healthy animal or in peritoneal dialysis patients, but these values can increase considerably under particular physiological conditions, in the case of peritonitis or with the development of peritoneal metastasis. Numerous extrinsic and intrinsic factors control the splanchnic circulation. Several studies have demonstrated that vascularization of the peritoneum is effectively regulated by short-term mechanisms such as vasoconstriction and vasodilatation, under the influence of physical, chemical, neurological, hormonal factors or drugs. These mechanisms allow the peritoneum to regulate blood flow depending on its immediate needs. Vasoconstriction can even completely interrupt blood supply and vasodilatation can multiply blood and oxygen delivery to the tissue in the short term. Regulatory mechanisms acting in the long-term mechanisms such as neoangiogenesis. have also been documented in the peritoneum. These mechanisms can multiply the surface of the submesothelial vascular network. Surgeons used to treat peritoneal metastasis are aware of the rich vascularization of the diseased peritoneum [89] . However, it has been shown that angiogenesis does not imply obligatorily an increased supply of the target tissue with nutrients and oxygen, since neovessels are morphologically largely defective and blood distribution inhomogeneous. Clearly, tumor vascularization is critical for the pathogenesis of of peritoneal metastasis. Because of neoangiogenesis and Enhanced permeability and retention, vascularization also plays a major role for the success of therapy with small molecules, proteins or even with genes [90] .
However, the literature on the vascularization of the peritoneum is scarce, in large part older and this area justifies further research. Superficial anatomical location of peritoneal vessels just underneath the single-layered mesothelial membrane allows highly effective in-vivo examination of the different phases of neoangiogenesis and wound healing. Technical means such as laparoscopy, in-vivo confocal microscopy and narrow-band imaging are now available to measure and quantify vascular morphology and function. This combination of favorable anatomical and technological factors offers major methodological opportunities for further research on the functional vascular anatomy of the peritoneum in health and disease.
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